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SILICON CONTROLLED RECTIFIER FOR SIGE 
PROCESS, MANUFACTURING METHOD 
THEREOF AND INTEGRATED CIRCUIT 

INCLUDING THE SAME 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a silicon controlled 
recti?er, and particularly to a silicon controlled recti?er for 
SiGe process and a manufacturing method thereof. 

[0003] 2. Description of the Prior Art: 

[0004] Over the past decade, the semiconductor technolo 
gies used in communications systems have been undergoing 
something of a forced divergence—betWeen the high-inte 
gration capabilities of silicon-based processes and the high 
performance possibilities of exotic processes like gallium 
arsenide Largely because of the inherent disparities 
betWeen these processes, it even appeared that communica 
tions-oriented semiconductors might be ?nally approaching 
their practical limits in terms of both siZe reduction and 
performance improvement. For many applications, loW 
cost, high-volume silicon processes have been successfully 
used throughout the 1 to 2 GHZ frequency domain, hoWever 
for neW RF applications that require much higher speed 
circuit operation, such as 30 GHZ, standard silicon processes 
fall far short. On the other hand, compound III-V semicon 
ductors such as GaAs, have been successfully implemented 
in these ranges, hoWever at signi?cant additional expense 
due to their exotic process requirements. 

[0005] As a cost-driven market arena that intrinsically 
requires both performance and a high level of integration, 
the next generation of mobile Wireless devices Was literally 
dependent upon ?nding a cost-effective Way to re-converge 
these capabilities into a uni?ed semiconductor process. 
Many industry experts believe that the ansWer has noW 
arrived in the form of Silicon Germanium (SiGe) process 
technologies. 
[0006] Signi?cant groWth in both high-frequency Wired 
and Wireless markets has introduced neW opportunities 
Where compound semiconductors have unique advantages 
over bulk complementary metal oxide semiconductor 
(CMOS) technology. The key advantage of Silicon Germa 
nium is that it is fundamentally a higher speed silicon 
process, thereby offering maximum leverage from existing 
silicon fabrication processes. By doping the silicon (Si) 
substrate With germanium (Ge), SiGe creates supercharged 
HBTs that can operate at 65 GHZ as compared to 15-25 GHZ 
for best-ofbreed silicon-only processes. With the rapid 
advancement of epitaxial-layer pseudomorphic SiGe depo 
sition processes, epitaxial-base SiGe heterojunction bipolar 
transistors have been integrated With main stream advanced 
CMOS development for Wide market acceptance, providing 
the advantages of SiGe technology for analog and radio 
frequency (RF) circuitry While maintaining the full utiliZa 
tion of the advanced CMOS technology base for digital logic 
circuitry. 
[0007] FIG. 1 is a diagram shoWing a structure of SiGe 
heterojunction bipolar transistor. It includes a silicon sub 
strate 11, p doped region 12, n+ doped region 13 (buried 
collector), n Well 14, n+ doped region 16 (collector), shalloW 
trench isolation layers 151~153, p doped SiGe layer 171, 
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isolation layer 18, n doped poly-silicon layer 172, and 
contact plugs C, E and B. The junctions of the transistor are 
formed by the n Well 14, p doped SiGe layer 171 and n 
doped poly-silicon layer 172. 

[0008] SiGe hetero-junction bipolar transistor devices are 
replacing silicon bipolar junction devices as the primary 
element in all analog applications. With increased volume 
and groWth in the applications that use SiGe hetero-junction 
bipolar transistors for external circuitry, ESD robustness is 
needed. This is especially the case in RF applications such 
as mobile phone use, Where high-transistor speeds and 
high-frequency responses are needed. As the frequency 
responses of such devices increase, the loading effect on the 
transistor, Which may lead to excessive noise and distortion, 
also increases. 

[0009] FIG. 2A is a diagram shoWing a conventional 
silicon controlled recti?er for Si process used for ESD 
protection, Which is disclosed in IEDM 1995, p.337. It 
includes a silicon substrate 21, p doped region 22, n+ doped 
region 23 (buried layer), n Well 24, n+ doped region 261, 
shalloW trench isolation layers 251~254, p+ doped regions 
262 and 264, p doped region 264, n+ doped region 265, 
poly-silicon layer 27, and contact plugs B1, E1, E2 and C1. 
The p doped region 262 and n Well 24 form a PN junction, 
the n Well 24 and p doped region 263 form a NP junction, 
and the p doped region 263 and n doped region 265 form 
another PN junction. The PNPN silicon controlled recti?er 
is thus formed by theses junctions. The n doped region 261 
is coupled to a pad 301, the p doped region 262 is coupled 
to a pad 302, the n doped region 265 and p doped region 264 
are commonly coupled to ground, and a resistor R is coupled 
betWeen the p doped region 262 and n doped region 261. 

[0010] FIG. 2B is a diagram shoWing an equivalent circuit 
of the silicon controlled recti?er shoWn in FIG. 2A. It 
includes tWo bipolar junction transistors M1 and M2, a 
resistor R, a resistor R1 formed by the n Well 24, a resistor 
R2 formed by the p doped region 262, a resistor R3 formed 
by the buried layer 23, and a resistor R4 formed by the p 
doped region 264. The emitter, base and collector of the 
transistor M1 are respectively coupled to the pad 301, the 
resistor R2 and ground. The emitter, base and collector of the 
transistor M2 are respectively coupled to ground, the resistor 
R4 and R3. Thus, ESD paths may be provided betWeen the 
pad 301, 302 and ground. 

[0011] Theoretically, the structure in FIG. 2A may be 
applied to that shoWn in FIG. 1 for a SiGe hetero-junction 
SCR. HoWever, such an SCR structure has to be improved 
since the resistor R and the doped region 261 are necessary, 
Which is disadvantageous to circuit siZe and complicates the 
process. 

SUMMARY OF THE INVENTION 

[0012] The object of the present invention is to provide an 
SCR for SiGe process Without the additional resistor and 
doped region used in the conventional SCR. 

[0013] The present invention provides a silicon controlled 
recti?er for SiGe process. The silicon controlled recti?er 
comprises a substrate, a buried layer of a ?rst conductivity 
type in the substrate, a Well of the ?rst conductivity type in 
the substrate and above the buried layer, a doped region of 
a second conductivity type in the Well, a ?rst conducting 
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layer of the second conductivity type on the substrate, and 
a second conducting layer of the ?rst conductivity type on 
the ?rst conducting layer. 

[0014] The present invention further provides a method 
for manufacturing a silicon controlled recti?er for SiGe 
process. The method comprises the steps of providing a 
substrate, forming a buried layer of a ?rst conductivity type 
in the substrate, forming a Well of the ?rst conductivity type 
in the substrate and above the buried layer, forming a doped 
region of a second conductivity type in the Well, forming a 
?rst conducting layer of the second conductivity type on the 
substrate, and forming a second conducting layer of the ?rst 
conductivity type on the ?rst conducting layer. 

[0015] The present invention further provides an inte 
grated circuit comprising a core circuit; and an ESD pro 
tection device protecting the core circuit from ESD dam 
ages. The ESD protection device includes a substrate, a 
buried layer of a ?rst conductivity type in the substrate, a 
Well of the ?rst conductivity type in the substrate and above 
the buried layer, a doped region of a second conductivity 
type in the Well, a ?rst conducting layer of the second 
conductivity type on the substrate, and a second conducting 
layer of the ?rst conductivity type on the ?rst conducting 
layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] The present invention Will become more fully 
understood from the detailed description given hereinbeloW 
and the accompanying drawings, given by Way of illustra 
tion only and thus not intended to be limitative of the present 
invention. 

[0017] FIG. 1 is a diagram shoWing a structure of SiGe 
heterojunction bipolar transistor. 

[0018] FIG. 2A is a diagram shoWing a conventional 
silicon controlled recti?er for Si process used for ESD 
protection. 
[0019] FIG. 2B is a diagram shoWing an equivalent circuit 
of the silicon controlled recti?er shoWn in FIG. 2A. 

[0020] FIG. 3A~3H are cross-section vieWs shoWing a 
method for manufacturing an SCR for SiGe process accord 
ing to one embodiment of the invention. 

[0021] FIG. 4A is a diagram shoWing an SCR for SiGe 
process according to one embodiment of the invention. 

[0022] FIG. 4B is a diagram shoWing an equivalent circuit 
of the SCR shoWn in FIG. 4A. 

[0023] FIG. 5 is a diagram shoWing an integrated circuit 
according to one embodiment of the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0024] FIG. 3A~3H are cross-section vieWs shoWing a 
method for manufacturing an SCR for SiGe process accord 
ing to one embodiment of the invention. 

[0025] As shoWn in FIG. 3A, a silicon substrate 31 is 
provided. The silicon substrate 31 has a p doped region 32, 
an n+ doped region 33, an n doped region 34 above the n 
doped region 33, isolation layers 351~353 located on tWo 
sides of and Within the n doped region 34. The isolation 
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layers 351~353 are commonly knoWn as ?eld oXides or STI. 
The ?eld oXide is typically groWn in a diffusion furnace by 
oxygen How in a high temperature environment, as is Well 
knoWn in the art. Throughout the present description, it is to 
be understood that n doping refers to light doping With a 
group VA element, including N, P, As, Sb, and Bi; and that 
n+ doping refers to heavy doping With an n dopant. It is 
further understood that p doping refers to light doping With 
a Group IIIA element, including B, Al, Ga, In, and Tl; and 
that p+ doping refers to heavy doping With a p dopant. It is 
further understood, as is knoWn in the art, that the higher the 
net doping content, the loWer the resistance of the silicon 
material. The p doped region 32 in the substrate 31 forms the 
loWer part of the substrate. The n+ doped region 33 is 
commonly referred to as the buried collector region. The n 
doped region 34 is commonly referred to as the n Well, forms 
a portion of the upper surface of substrate 31 and further 
covers a portion of the n+ doped region 33. 

[0026] As shoWn in FIG. 3B, 21 p+ doped region 36 is 
formed in the n Well 34 and an oXide layer 354 is also formed 
on the entire surface of substrate 31, and ?eld oXides 351 and 
353, typically using chemical vapor deposition (CVD) tech 
nology. The oXide layer 354 should be thick enough to 
isolate betWeen devices, and is typically at least 2000 A 
thick. 

[0027] As shoWn in FIG. 3C, a p+ doped poly-silicon 371 
is deposited onto the surface of the oXide layer 354 on 
substrate 31. The p+ doped poly-silicon layer 371 may be 
applied by standard loW pressure CVD, typically conducted 
around 800° C. The thickness of p+ doped poly-silicon layer 
371 depends on the siZe of the emitter, and by Way of 
eXample, may be on the order of 1500 A for a device having 
0.3 pm emitter opening. 

[0028] Depicted in FIG. 3D is the formation of a WindoW 
381 Which is patterned and etched to eXpose the n doped 
region 34 of substrate 31. To this end, a portion of p+ doped 
poly-silicon layer 371 and oXide layer 354 is removed by 
lithographic technology and by etching technology to form 
an opening or WindoW 381. The lithographic technique 
commonly uses a photo-resist mask (not shoWn), Which is 
removed after the etching is performed. The etching tech 
nique is typically an ion etching or reactive ion etching using 
a plasma. The removal of layers 371 and 354 typically 
require different chemistries, so etching is a tWo-step process 
for the sequential removal of each layer, and these tWo 
processes may be performed in the same or in different 
machines. 

[0029] FolloWing formation of the WindoW 381, deposi 
tion of an epitaXial layer 39 is performed, With the resulting 
structure depicted in FIG. 3E. The layer 39 has tWo potions. 
One is an epitaxial layer of p doped epi-SiGe 392 formed on 
the n doped region 34 of substrate 31, and the other is an 
epitaXial layer of p doped poly-SiGe 391 formed over the p+ 
doped poly-silicon layer 371. It is to be understood that 
epitaXial deposition refers to the oriented groWth of one 
crystalline substance upon the surface of another crystalline 
substance. Within the WindoW 381, the epi-SiGe layer 392 is 
a single crystal groWn in the same crystal orientation of the 
single crystal substrate upon Which it is deposited. The 
poly-SiGe layer 391 refers to a polycrystalline structure of 
SiGe groWn on the heavily p doped poly-silicon layer 371. 
The p doped poly-SiGe layer 391 immediately begins to 
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deposit outside the WindoW 381 by virtue of it being 
epitaxial deposition, resulting in a uniformly thick layer of 
p doped poly- and epi-SiGe across the surfaces of the 
heavily doped poly-silicon layer 371 and Within the WindoW 
381. Again, the thickness of the epitaxial layers 391 and 392 
are dependent upon the siZe of the emitter. By Way of 
example only, the thickness may be on the order of 1200 
4000 A, and may be about 1800 A for a 0.3 pm emitter 
opening device. Without the p+ doped polysilicon layer 371, 
poly-SiGe groWth Would have to occur on the oxide layer 
354, and Would consequently begin more sloWly than the 
groWth Within the device WindoW 381, thus resulting in a 
thinner layer of poly-SiGe 391 over the oxide 354 than the 
epi-SiGe layer 392 in the WindoW 381. The thicker the 
composite of poly-silicon layer 371 and poly-SiGe layer 
391, the loWer its resistance, Which loW resistance is essen 
tial for high performance bipolar transistors. 

[0030] As shoWn in FIG. 3F, an insulator 355 is formed on 
the surface of SiGe-containing layer 39 utiliZing conven 
tional deposition processes Well knoWn in the art. Suitable 
deposition processes include, but are not limited to: CVD, 
plasma-enhanced CVD, sputtering, chemical solution depo 
sition and other like deposition processes. The insulator 355 
may comprise a single insulator material, or it may include 
combinations of more than one insulator material, e.g., a 
dielectric stack. The insulator used in this step of the present 
invention thus may comprise an oxide, a nitride, oxynitride 
or combinations thereof. the opening is formed utiliZing 
conventional lithography and etching such as RIE (reactive 
ion etching). 

[0031] As shoWn in FIG. 3G, an emitter composed of 
insulator 355 and n doped poly-silicon layer 372 is formed. 
The n doped poly-silicon layer 372 is deposited on the 
insulator 355 utiliZing any conventional in-situ doping depo 
sition process that is Well knoWn in the art. The doped 
polysilicon layer 372 and insulator 355 are patterned using 
conventional lithography and etching forming the patterned 
emitter. The etching step may remove both the doped 
polysilicon 372 and insulator 355 at the same time or 
multiple etching steps may be employed in Which the doped 
polysilicon 372 is selectively etched and thereafter the 
insulator 355 is selectively etched. Note that after etching, 
some portions of the underlying SiGe-containing layer 39 
are exposed. 

[0032] As shoWn in FIG. 3H, contact plugs E1, E2 and B 
are respectively formed on the p doped region 36, poly 
silicon layer 372 and SiGe layer 39. 

[0033] FIG. 4A is a diagram shoWing an SCR for SiGe 
process according to one embodiment of the invention. It 
includes a silicon substrate 31, p doped region 32, n+ doped 
region 33 (buried layer), n Well 34, shalloW trench isolation 
layers 351~353, p doped regions 36, p doped poly-silicon 
layer 371, n doped poly-silicon layer 372, p doped SiGe 
layer 391 and 392, contact plugs E1, E2 and B, and pad 40. 
The buried layer 33 is disposed in the substrate 31. The n 
Well 34 is in the substrate 31 and above the buried layer 33. 
The p doped region 36 is located in the n Well 34. The p 
doped SiGe layers 391 and 392 are formed on the substrate 
31 and form a PN junction With the n Well 34. The n doped 
polysilicon layer 372 is formed on the SiGe layer 392 and a 
NP junction is thus formed therebetWeen. The STI 351~353 
are respectively located on tWo sides of the n Well 34, and 
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betWeen the n Well 34 and p doped region 36. The insulator 
355 is disposed in the n doped poly-silicon layer 372 and 
adjacent to the p doped SiGe layer 392. The contact plugs 
E1, E2 and B are respectively coupled to the p doped region 
36, n doped poly-silicon 372 and p doped SiGe layer 391. 
The pad 40 is coupled to the contact plug E1 While the 
contact plugs E2 and B are coupled to ground. 

[0034] FIG. 4B is a diagram shoWing an equivalent circuit 
of the silicon controlled recti?er shoWn in FIG. 4A. The p 
doped region 36 and n Well 34 form a PN junction, the n Well 
34 and p doped SiGe layer 392 form a NP junction, and the 
p doped SiGe layer 392 and n doped poly-silicon 372 form 
another PN junction. The PNPN silicon controlled recti?er 
is thus formed by theses junctions. The equivalent circuit 
includes tWo bipolar junction transistors 41 and 42 With 
collectors connected to each other. The emitter E1 of the 
transistor 41 is coupled to the pad 40. The base B and emitter 
E2 of the transistor 42 are coupled to ground. The base of the 
transistor 41, Which is formed by the n Well 34, is not 
connected. Accordingly, the equivalent circuit may be 
regarded as an open-base SCR. 

[0035] According to simulation results, the trigger voltage 
of the SCR in the present invention is about 11 volts While 
that of the conventional SCR With the resistor R having a 
resistance of 0 Q is 16 volts. The SCR of the present 
invention has a loWer trigger voltage and is better in ESD 
protection. 
[0036] FIG. 5 is a diagram shoWing an integrated circuit 
according to one embodiment of the invention. The inte 
grated circuit includes a core circuit 51 and an ESD protec 
tion device 52 protecting the core circuit 51 from ESD 
damages. The ESD protection device is the silicon con 
trolled recti?er shoWn in FIG. 4A. It provides ESD paths for 
the core circuit 51 When the ESD pulse Zaps the I/O pad 53, 
or poWer lines 541 and 542. 

[0037] In conclusion, the present invention provides an 
SCR for SiGe process Without the additional resistor and 
doped region used in the conventional SCR. A p doped 
region replaces the collector region in the conventional SCR 
and an SiGe layer is formed on the substrate to construct a 
NPN hetero-junction. Thus-formed PNPN SCR takes all the 
advantages of SiGe process and needs no additional resistor 
and doped region. 
[0038] The foregoing description of the preferred embodi 
ments of this invention has been presented for purposes of 
illustration and description. Obvious modi?cations or varia 
tions are possible in light of the above teaching. The 
embodiments Were chosen and described to provide the best 
illustration of the principles of this invention and its prac 
tical application to thereby enable those skilled in the art to 
utiliZe the invention in various embodiments and With 
various modi?cations as are suited to the particular use 
contemplated. All such modi?cations and variations are 
Within the scope of the present invention as determined by 
the appended claims When interpreted in accordance With 
the breadth to Which they are fairly, legally, and equitably 
entitled. 

What is claimed is: 
1. A silicon controlled recti?er for SiGe process compris 

mg: 

a substrate; 

a buried layer of a ?rst conductivity type in the substrate; 
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a Well of the ?rst conductivity type in the substrate and 
above the buried layer; 

a doped region of a second conductivity type in the Well; 

a ?rst conducting layer of the second conductivity type on 
the substrate; and 

a second conducting layer of the ?rst conductivity type on 
the ?rst conducting layer. 

2. The silicon controlled recti?er as claimed in claim 1 
further comprising: 

a plurality of ?rst isolation layers respectively disposed on 
tWo sides of the Well, and betWeen the Well and the 
doped region; and 

a plurality of second isolation layers in the second con 
ducting layer adjacent to the ?rst conducting layer. 

3. The silicon controlled recti?er as claimed in claim 1, 
Wherein the ?rst isolation layers are shalloW trench isolation 
layers. 

4. The silicon controlled recti?er as claimed in claim 1 
further comprising a ?rst, second and third contact plugs 
respectively coupled to the doped region, second conducting 
layer and ?rst conducting layer. 

5. The silicon controlled recti?er as claimed in claim 4 
further comprising a pad, Wherein the ?rst contact plug is 
coupled to the pad, the second and third contact plug are 
coupled to receive a voltage level. 

6. The silicon controlled recti?er as claimed in claim 1, 
Wherein the substrate is of the second conductivity type. 

7. The silicon controlled recti?er as claimed in claim 1, 
Wherein the ?rst and second conductivity type are N and P 
type respectively. 

8. The silicon controlled recti?er as claimed in claim 1, 
Wherein the ?rst conducting layer is made of SiGe. 

9. The silicon controlled recti?er as claimed in claim 1, 
Wherein the second conducting layer is made of poly-silicon. 

10. A method for manufacturing a silicon controlled 
recti?er for SiGe process comprising the steps of: 

providing a substrate; 

forming a buried layer of a ?rst conductivity type in the 
substrate; 

forming a Well of the ?rst conductivity type in the 
substrate and above the buried layer; 

forming a doped region of a second conductivity type in 
the Well; 

forming a ?rst conducting layer of the second conductiv 
ity type on the substrate; and 

forming a second conducting layer of the ?rst conductiv 
ity type on the ?rst conducting layer. 

11. The method as claimed in claim 10 further comprising 
the steps of: 

forming a plurality of ?rst isolation layers respectively on 
tWo sides of the Well, and betWeen the Well and the 
doped region; and 

forming a plurality of second isolation layers in the 
second conducting layer and adjacent to the ?rst con 
ducting layer. 

12. The rnethod as claimed in claim 10 further comprising 
the step of forming a ?rst, second and third contact plugs 
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respectively coupled to the doped region, second conducting 
layer and ?rst conducting layer. 

13. The method as claimed in claim 10, Wherein the 
substrate is of the second conductivity type. 

14. The method as claimed in claim 10, Wherein the ?rst 
and second conductivity type are N and P type respectively. 

15. The method as claimed in claim 10, Wherein the ?rst 
conducting layer is made of SiGe. 

16. The method as claimed in claim 10, Wherein the 
second conducting layer is made of poly-silicon. 

17. An integrated circuit comprising: 

a core circuit; and 

an ESD protection device protecting the core circuit from 
ESD darnages, comprising: 

a substrate; 

a buried layer of a ?rst conductivity type in the sub 

strate; 

a Well of the ?rst conductivity type in the substrate and 
above the buried layer; 

a doped region of a second conductivity type in the 
Well; 

a ?rst conducting layer of the second conductivity type 
on the substrate; and 

a second conducting layer of the ?rst conductivity type 
on the ?rst conducting layer. 

18. The integrated circuit as claimed in claim 17, Wherein 
the ESD protection device further comprises: 

a plurality of ?rst isolation layers respectively disposed on 
tWo sides of the Well, and betWeen the Well and the 
doped region; and 

a plurality of second isolation layers in the second con 
ducting layer adjacent to the ?rst conducting layer. 

19. The integrated circuit as claimed in claim 17, Wherein 
the ?rst isolation layers are shalloW trench isolation layers. 

20. The integrated circuit as claimed in claim 17, Wherein 
the ESD protection device further comprises a ?rst, second 
and third contact plugs respectively coupled to the doped 
region, second conducting layer and ?rst conducting layer. 

21. The integrated circuit as claimed in claim 20, Wherein 
the ESD protection device further comprises a pad, Wherein 
the ?rst contact plug is coupled to the pad, the second and 
third contact plug are coupled to receive a voltage level. 

22. The integrated circuit as claimed in claim 17, Wherein 
the substrate is of the second conductivity type. 

23. The integrated circuit as claimed in claim 17, Wherein 
the ?rst and second conductivity type are N and P type 
respectively. 

24. The integrated circuit as claimed in claim 17, Wherein 
the ?rst conducting layer is made of SiGe. 

25. The integrated circuit as claimed in claim 17, Wherein 
the second conducting layer is made of poly-silicon. 


